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Abstract 
Sulfate-reducing bacteria (SRB) is a kind of the major microorganisms which could cause corrosion. Recently, 
SRB have been given more attention and many research progress have also been obtained. This article has 
reviewed progress in research on the corrosive effect of biofilm generated by SRB. Simultaneously, some 
corrosion mechanisms, analytic and protective methods about SRB were also described in detail here. Finally, 
some problems existed in present research and the direction in the future were also pointed out.  
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1.Introduction 
The term microbiologically influenced corrosion (MIC) refers to the corrosion caused or promoted 
by the microbial life activities.The biofilm adhered on the materials surface is an important factor for 
inducing MIC. The attachment of microorganisms is a highly spontaneous process, which almost could 
cause corrosion of all materials and sulfate-reducing bacteria (SRB) is the uppermost. SRB is typical 
anaerobic bacteria, and widely distributed in nature. SRB corrosion has already made high losses in 
gas and shipping industries etc. every year. So the prevention and protection of MIC has become an 
important problem need to be solved at present[1].  
2. SRB Biofilm and its Corrosive Behaviour 
Microorganisms are easily attached on the surface of materials[2]. When an object is immersed in 
seawater, firstly organic fragments adhered on the materials surface and formed thin films, which 
                                                        
* F. Wen. Tel.: +86-13016230440; fax:+ 86-898-66277128 
E-mail address:fwen323@163.com. 
2011 3rd International Conference on Environmental 
Science and Information Application Technology (ESIAT 2011)
1878-0296 © 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Conference ESIAT2011 Organization Committee.
Open access under CC BY-NC-ND license.
1178   C.Zhang et al. /  Procedia Environmental Sciences  10 ( 2011 )  1177 – 1182 
changed characteristic of the material surface, especially its static charge and wettability. And then 
bacterias adhere to the surface and grew to form colonies. Finally so-called biofilm would be formed 
after diatoms, funguses, protozoa, microalgaes and other individual tiny creatures adhering to the 
surface. 
V. Raman[3] also proved that the corrosion products of SRB bio¿lm affected the MIC process of 
mild steel and the structures of the corrosion products on the surface of mild steel will affect the 
corrosion rate. Yuan[4] showed that the corrosion rate depends on the accumulation of metabolites of 
SRB on the surface.  
3. Sulfate-reducing Bacteria Corrosion Mechanisms 
SRB, is a general term for various bacteria, make SO42- reduce into H2S to obtain energy. The most 
appropriate growth temperature of SRB is 20-30oC, they can also survive under 50-60oC. SRB widely 
consist in anaerobic conditions of soil, seawater, sludge, underground pipelines and oil wells with pH 
value between 6 and 9[4]. People have done a lot of research about SRB corrosion, the main 
mechanisms are as follows: 
3.1. Mechanism of cathodic depolarization 
SRB can make SO42- oxidize the adsorbed H+ under anaerobic conditions so that it can speed up the 
corrosion and separate out hydrogen. The reactions are as follows:  
 
Anode: 4Fe ĺ4Fe2 ++ 8e      Cathode: 8H++ 8e ĺ 8H 
cathodic depolarization: SO42 - + 8H ĺS2 -+ 4H2O 
Ionization of water: 8H2O ĺ8H++ 8OH-          
corrosion products: Fe2 ++ S2 -ĺFeS   3Fe2 ++ 6OH-ĺ3Fe (OH)2 
The overall reaction of corrosion: 4Fe + SO42 - + 4H2O ĺFeS + 3Fe (OH)2 + 2OH- 
 
Corrosion is accelerated when the metabolites of SRB interact with the metal matrix. According to 
Kuhr’s theory[5], they have confirmed that hydrogenase and hydrothion in bactterial cells could 
promote the depolarization and then accelerate the corrosion[6]. 
3.2. Mechanism of concentration cell 
The mechanism of concentration cell was suggested by Starkey in 1958. It pointed out that when 
foulings or corrosion products, for example hydrate of iron emerged on the metal surface, 
concentration cell would be formed[6]. In many cases, this kind of corrosion, accompanied by 
anaerobic corrosion, would form a hypoxic area near the metal surface and further formed a suitable 
living environment for SRB, which accelerate the pre-existing corrosion [7].  
 
3.3. Mechanism of metabolin 
High concentration of Fe2+ in the metabolin of SRB is favorable for anaerobic corrosion[8]: the 
corrosion rate of soft steel changes with the concentration of H2S produced by SRB. The anaerobic 
corrosion of SRB is also the result of the phosphide with high activity and volatility generated by 
SRB’s metalbolism. The phosphide could interact with iron matrix or H2S to synthesize ferrous 
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phosphide, which intensified the corrosion. Liu[9] pointed out that the corrosion product formed by 
metabolin of SRB would accelerate the local corrosion. 
3.4. Mechanism of acid corrosion 
The mechanism of acid corrosion[10] indicates that most of the end-products of MIC are 
concentrated short-chain fatty acids(such as acetic acid) which are corrosive for carbon steel. When in 
the oxygen environment, the area which is close to the sediment will be regarded as the small anode 
relative to the cathode around. The cathodic reduction reaction would increase the pH of solution 
around the metal. In the acidic microenvironment, trace quantities of oxygen will induce the cathodic 
reduction reaction to produce the metal cations. 
3.5. Mechanism of fixed anode region  
During the formation of enclosed cell on the metal surface, the corrosion pits are induced by the life 
activities of the bacterias. Most of the microorganisms are fixed around the colonies which made the 
anode region fixing. About 90% of the kind of MIC can be explained by the theory [11]. 
3.6. Other mechanisms  
There are some another corrosion mechanisms except for the above[12]: i) extracellular 
polymers(EPS) of SRB interact with metal produce Fe2+, then make Fe2+ oxidized to Fe3+ and 
accelerate corrosion; ii) under anaerobic conditions, the accumulation and release of H2O2 in biofilm 
took part in the electrode reaction of steel, which caused the increase of potential and led to local 
corrosion; iii) SRB affect the material corrosion by attacking the grain boundary and getting rid of 
austenite selectively; iv) the exist of trace quantities of oxygen interact with sulfide to produce 
intermediate products which accelerate the corrosion; v) R.A.King[13]suggested that S2- produced by 
SRB would interact with Fe to obtain FeS which is regarded as the cathode, the Fe will be regarded as 
the anode, the reaction of cathodic depolarization which releases hydrogen could corrode metal 
surface.  
Every mechanism which can explain part of MIC has lots of evidence to support. But we can not 
figure out the function of SRB is primary effect(dynamics that directly affect the cathode) or secondary 
effect(promotion of sulfide). Though further research need to be done, the foremost is the mechanism 
of cathodic depolarization at present. 
4. Analytic Methods for Sulfate-reducing Bacteria Corrosion 
4.1. Detective methods 
The detection methods are presented in Table 1. 
4.2.Electrochemical methods 
The electrochemical methods are shown in Table 2. 
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Table 1. The detective methods [14-15] 
Methods Classification Comparison of Characteristics 
 
 
Traditional 
methods 
 
 
Culture 
1. Extinction dilution method is simple and easy to count, but it has a long culture 
period and the results are always lower.  
2. Test flask method is direct, it avoid contamination and interference, greatly 
improving the accuracy and reliability, but the hold time is long 
Microscopic counting 
method 
This method could calculate the total amount of bacteria but not the total amount of 
SRB, so the result value is higher. Unless use FTTC and IFA together. 
 
 
 
Direct 
determination 
methods 
Quantitative 
determination of 
metabolic products 
This method is according to the amount of sulfide produced by SRB to detect. It is 
easy and intuition. 
Determination by 
Using a sensor 
This method could calculate the amount of SRB in seawater quickly by using a 
sensor. 
Immunoassay This method could calculate the amount of SRB in 15-20 min, which is easy to 
detect and is suitable for field use. The result is accuracy.  
Fluorescence in situ 
hybridization 
The testing and analysis time of this method are short, the sensitivity is high. It is 
able to detect more types and quantities of SRB. But the instruments are expensive 
and hard to use. 
PCR The sensitivity is two orders of magnitude higher than traditional culture methods. 
Table 2. The electrochemical methods[16] 
Methods Comparison of Characteristics 
Corrosion potential This method is easy to detect, but it provides little information about biofilm.  
Oxidation-reduction 
potential 
This method will provide the information about environmental changes,but can not provide the rate 
of corrosion. 
EIS This method will provide the relevant corrosion steps and the rate of corrosion,but the data is hard to 
explain. 
Polarization resistance This method can provide continuous metal corrosion rate in situ measuremen. 
Polarization curve This method can analyse the processes of local corrosion,corrosion rate and the slow corrosion, but 
it affects microbialactivity, so it is not suitable for monitoring. 
Dual-zone electrolytic 
cell 
This method is a refinedtechnology which could provide the information of microorganisms in the 
cathode or the anode,but it caan not provide the corrosion rate.  
Electrochemical noise This method can provide the information of the corrosion process and rate,which is suitable for 
monitoring. There is no external signal applied to the experimental system. 
Microelectrode This method can provide the information within biofilms to study MIC, but the experiment is 
difficult. 
Electrochemical 
surface imaging 
This method can provide the distribution of potential current. It could detect how microorganisms 
affect the rate of the corrosion. The instrument is expensive.  
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4.3.Surface analysis methods 
People have learned more about the surface analysis methods, such as optical microscopy, 
transmission electron microscopy (TEM), scanning electron microscopy (SEM) etc., which can be 
applied to study MIC. Atomic force microscope(AFM) is a new method with atomic-level high 
resolution. 
4.4. Biomimetic biofilms method 
The biomimetic biofilms method can analyse the characteristics of biofilms. People have made 
biomimetic biofilms by using special gel and artificial culturing methods. 
5. Protective Methods for SRB Corrosion 
Physical methods such as UV, ultrasound, ionizing radiation, x-rays etc. can inhibit or kill SRB. 
High voltage pulse electric fields(HVPEF) has become the most promising cold sterilization industrial 
technology[17]. 
Chemical methods are the most simple and effective ways mainly by adding fungicides and 
inhibitors. There are two types, namely, oxidized and non-oxidized bactericide[18]. The influence of 
fungicides for thermophilic SRB is lower than others[19].   
Surface modification and coating are useful methods. It is generally believed that titanium and its 
alloys are the best corrosion-resistant materials[20-21]. We could study the skin of most marine 
organisms to develop bionic non-toxic antifouling paint. 
Cathodic protection is an effective method to prevent SRB corrosion. In order to prevent MIC, the 
pH value around the cathode must be more than ten, which is sufficient to control SRB corrosion. 
Microbial control methods: i) Thiobacillus denitrifican can oxidize the element of S into H2SO4 to 
inhibit corrosion, which can be used in water treatment, oil reserve, natural gas desulfurization[19]; ii) 
sulfide bacteria can make H2S produced by SRB and other reductive sulfide oxidized to sulfate, 
reducing the concentration of H2S in the environment; iii) when there are Pseudomonas and SRB in the 
medium, Pseudomonas can inhibit corrosion[22]; iv) Azum[23] found that Bacillus Brevis Nagan 
willform biofilms could secrete gramicidin S to inhibit SRB corrosion of the stainess steel; v) SRB 
corrosion is largely due to its metabolite H2S, some photosynthetic bacteria can remove H2S to control 
SRB corrosion. 
6. Conclusion 
There are multiple interpretations about the corrosion mechanisms, but the conclusion has not been 
unified, which requires further research. There are many methods to prevent MIC, but still need to be 
improved. The exploration of efficient, environmentally friendly and inexpensive fungicides, 
anti-corrosion bacteria and coatings is the direction in the future. 
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